INTRODUCTION
The development of new, high-quality and consumer-attractive dried products is necessary to widen product availability and diversify the markets, since fresh crops consumption is generally below the levels recommended in a normal diet (1) . Conventional air-drying is the most frequently used dehydration operation in the food and chemical industry, but a lot of research work is oriented to find new drying methods which are less energy intensive and nutritive favorable.
OD is a water removal process, which is based on soaking foods (fruit, vegetable, meat and fish) in a hypertonic solution. Water removal in liquid form, usage of mild temperatures and osmotic solution reusing are main advantages of OD in comparison with other drying treatments (2, 3, 4) . The driving force for the OD process is the difference in osmotic pressure between the food material (hypotonic medium) and osmotic solution (hypertonic medium). The diffusion of water is accompanied by the simultaneous counter-diffusion of solute from the osmotic solution to the tissue (5, 6) . The rate of diffusion of water from the fruit tissue depends upon factors such as the temperature and concentration of osmotic solution, size and geometry of the material, the solution to material ratio, level of agitation of the solution and the type of apparatus (7, 8) . Тhe most commonly used osmotic agents are sucrose and sodium chloride and their combination. Research has shown that the use of sugar beet molasses as hypertonic solution improves OD processes (9, 4) . Sugar beet molasses is an appropriate medium for OD, primarily due to the high dry matter (above 80%).
Different approaches have been proposed to explain the rates of mass transfer during OD (10, 11, 12) . However, it is very difficult to develop a mathematical model capable to incorporate all of the factors involved in the process. Rastogi, Raghavarao, Niranjan and Knorr (13) reported Fickian unsteady-state diffusion as the most appropriate mechanism for the estimation of diffusion coefficients during the osmotic concentration. The major drawback in the application of this law is the long experimental time required to attain equilibrium WL.
Much work has been done in developing models to predict the mass transfer kinetics of OD and some empirical and semi-empirical models have been proposed. These models correlate the processing variables with WL or SG without taking into account the underlying phenomena of simultaneous water and soluble transfer process, but they include fitting of the proposed function to experimental data, multi-variable regressions, response surface analysis, models derived from mass balances, etc (11) . Even though the empirical and semi-empirical models that have been proposed in the literature give a reasonable fit to experimental data, their use is limited because they are only capable of representing data under conditions similar to those for which such models were developed, and they cannot take into account the process complexity (14) .
Peleg (14) proposed a two-parameter sorption equation and tested its prediction accuracy during water adsorption of milk powder and whole rice, and soaking of whole rice. Palou, Lopez-Malo, Argaiz, and Welti (16) studied simultaneous water desorption and sucrose absorption during OD of papaya using Peleg model. In the literature, there is a lack of information about using Peleg model for the OD in sugar beet molasses solutions. The objectives of this study were: (1) the determination of the applicability of Peleg equation in modeling the mass transfer during OD of apple in sugar beet molasses; and (2) the determination of equilibrium water and solid contents for OD at different concentrations and temperatures.
EXPERIMENTAL

Material
Apple samples were purchased in a local market in Novi Sad (Serbia) and stored at 4ºC until the use. Initial moisture content, X wo, was 85.95 ± 1.49 %. Sugar beet molasses was obtained from the sugar factory Pešinci, Serbia. Initial dry matter content in the molasses was 83.68%. For dilution of sugar beet molasses, distilled water was used.
Osmotic dehydration
The apple samples were washed thoroughly and peeled manually (using a stainless kitchen peeler). The peeled apples were manually sliced into cubes, dimension 1x1x1 cm using a kitchen slicer. Dimensions of the cubes were checked with caliper. An amount of 100 g of sliced apple cubes samples were prepared for each treatment.
Different concentrations of sugar beet molasses (40.0%, 60.0% and 80.0% dry matter) were used as osmotic solution. The effect of temperature was also investigated and the experiments were conducted at 45, 55 and 65ºC.
The apple cubes were put in the glass jars with 1000 g of molasses solution with a material/solution ratio of 1:10 (w/w). The jars were placed in the heat chamber and the process proceeded without agitation. After each sampling time (5, 10, 15, 20, 30, 45 , 60, 90, 120, 180, 240, 300 minutes), the cubes were taken out, washed with water and gently blotted with filter paper in order to remove the excessive water and weighed. Dry matter content of the fresh and treated samples was determined by drying the material at 105 ºC for 24h in a heat chamber (Instrumentaria Sutjeska, Serbia). Soluble solids content of the molasses solutions was measured at 20 ºC using an Abbe refractometer, Carl Zeis Jenna.
Evaluation of mass exchange between the solution and the sample during OD were made by using the parameters such as WL and SG. In order to account for the initial weight differences between the samples, the WL and SG were calculated according to the following equations:
where m i and m f are the initial and final weight (g) of the samples, respectively; z i and z f are the initial and final mass fraction of water (g water/g sample), respectively; s i and s f are the initial and final mass fraction of total solids (g total solids/g sample), respectively; i.s.w. means initial sample weight.
Peleg model
The equation proposed by Peleg (15) is: [3] where X w is the moisture content expressed on dry basis at time t; X wo is the initial moisture content expressed on dry basis; k 1 (h·g/g) is the Peleg rate constant, and k 2 (g/g) is the Peleg capacity constant. In this paper, in the Peleg equation, instead of the moisture content is included WL or SG. In the next equations, Y represents WL or SG.
[ The Peleg rate constant k 1 relates to the dehydration rate at the very beginning, t = t 0 .
[5]
The Peleg capacity constant k 2 relates to the minimum attainable moisture content. As t→∞, equation [4] gives the relation between equilibrium WL ∞ or SG ∞ and k 2 .
At the equilibrium, Peleg"s equation for WL and SG is: [6] The linearization of equation [4] gives: [7] The plot of equation [4] is a straight line, where k 1 is the intercept and k 2 is the slope. The major advantage of the Peleg model is to save time by predicting water sorption kinetics of foods, including the equilibrium moisture content using short-time experimental data.
Statistical analysis
Descriptive statistical analyses for calculating the means and the standard error of the mean were performed using MicroSoft Excel software (MicroSoft Office 2003). All obtained results were expressed as the mean ± standard deviation (SD). The one-way ANOVA of obtained results were accomplished using StatSoft Statistica ver. 10.0. Statistical evaluation of the results was performed using 3x3x13 factorial design (three concentrations, three temperatures and thirteen time intervals). Analyisis of variance (ANOVA) was carried out to examine the effects (p<0.05) of temperature and concentration on Peleg constants.
RESULTS AND DISCUSSION
Water loss and solid gain Figure 1 show the experimental data for WL and SG during OD of apple at different concentration of sugar beet molasses and operating temperature. The nonlinear increase of WL and SG was observed at all concentrations and temperatures during the process. Increasing of concentration had a positive influence on dehydration effectiveness, i.e. WL increased while SG decreased. If we observe WL and SG in relation to the time of immersion, an initial high rate of water removal (and solid uptake) followed by slower removal (and uptake) in the later stages was observed. Rapid loss of water (and solid uptake) in the beginning is apparently due to the large osmotic driving force between the fresh apple cubes and the surrounding hypertonic medium (sugar beet molasses) and indicates that the system is getting closer to the end of the osmotic process (pseudo-equilibrium) (17) . The highest WL (0.836 g/g of i. s. w.) was observed in the sample which was dehydrated in the molasses with 80% solid content at 65ºC for 5 hours. Figure 1 . Plot of WL and SG during OD of apple in sugar beet molasses at different concentration and temperature (■ -80%, 45ºC, ▲ -60%, 45ºC, ♦ -40%, 45ºC, □ -80%, 55ºC, ∆ -60%, 55ºC, ◊ -40%, 55ºC, • -80%, 65ºC, ◄ -60%, 65ºC, ► -40%, 65ºC)
The SG value indicates the degree of penetration of solids from the osmotic solution into the samples. Many other authors showed that a higher solution concentration caused a higher solids uptake (17 -20) , but in those studies simple osmotic solutions were used (pure sucrose or salt solutions). The results of this study implicate that, in the case when sugar beet molasses is used as hypertonic solution, the increase of concentration caused a decrease of the solute penetration into treated samples, mainly due to the high viscosity of the molasses. By using highly concentrated solutions, a considerable product weight loss can be achieved along with a low solute gain (21). The k 1 and k 2 values for different solution concentrations and temperatures are shown in Table 1 . The reciprocal of k 1 describes the initial mass transfer rate, i.e. the lower the k 1 , the higher mass transfer rate. It can be seen from the data in Table 1 that at a constant temperature k 1 WL decrease with increasing of concentration, while k 1 SG increases with concentration. This was expected if we take into account the influence of concentration on WL and SG (shown in Figure 1 ). Both k 1 WL and k 1 SG decrease with increasing temperature. The presented findings are similar to those reported by Corozo and Bracho (22) and Ganjloo et al. (23) . Multiple linear regression of the fitted data for the Peleg rate and capacity constants for water loss and solid gain can be derived as a function of temperature (T) and molasses concentration (C), from the data presented in Table 1 . The fitted models correspond to data presented in Table 2 . The equilibrium values of WL and SG (Table 3) were estimated using Eq. [6] . The equilibrium point is reached when the water activities of apple and solution become equal. Both WL and SG influence the decrease in the water activity, which means that the relationship between these two phenomena influences the attainment of the equilibrium point (22) . The linearized Arrehnius equation [8] shows the temperature dependency of the Peleg rate constant (k 1 ):
Peleg constants
(8) where k 1 is the Peleg rate constant for WL or SG (h g/g); k 0 is the frequency factor (1/h); E a is the activation energy (kJ/mol); R the universal gas constant (8.314 J/mol K), and T is the absolute temperature (K). The plot of the logarithm of the Peleg rate constant vs. 1/T would gives a straight line with the negative slope equal E a / R and the intercept ln k 0 .
The linearity of the data (R 2 >0.892) reveals that the Peleg rate constant for WL and SG followed an Arrhenius equation as a function of temperature, regardless of the concentration. The values of E a and lnk 0 are presented in Table 4 . Higher E a indicates the greater temperature sensitivity of k 1 constant. 
